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[57] ABSTRACT 

A quadrature down converter comprises two channels, each 
of said channels comprising two parallel signal paths. Each 
of said signal path comprises a mixer mixing the signal for 
down conversion with an oscillator signal. In the in-phase 
channel the mixers receive the oscillator signal shifted 0° 
and 180° in phase, respectively. In the quadrature-phase 
channel the mixers receive the oscillator signal shifted 90° 
and 270° in phase, respectively. By filtering and combining 
(adding/subtracting) the signals from the signal paths in each 
of said channels, the disturbing second order terms from the 
mixers may be substantially eliminated. 

11 Claims, 2 Drawing Sheets 
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DOWN CONVERSION MIXER the two mixing paths, respectively. After the combination, a 

suppression of the second order mixing product compared 

BACKGROUND OF THE INVENTION with the transmitted signal may be of the order of 70 dB or 

™ . , . , J r J *• even higher, when two substantially identical mixers are 

The mvention relates to a method of down-convertmg a ^ ^ ^ 

high-frequency signal, and a down conversion mixer and 

especially a quadrature down conversion mixer for carrying '^^ P^^^^^^ ^ "^^""^ ot'^^^o ^^0' 

out the method. The invention furthermore relates to a phone *^*Sh suppression of second order non-lmeanties in an mte- 

having such a down conversion. S^^t^^ ^"^^^ ^i^^c^ conversion receivers. 

In a traditional super heterodyne receiver, non-linearities The invention furthermore relates to a converter channel 

of second order will result in mixer products that are far comprising two parallel signal paths provided with a first 

away in frequency from the IF signal at the output. These ^ ^^^^"^ "^^^^ ^'"t- respectively. An oscU- 

undesired signals can therefore be removed by the IF filter. provides an osciUator signal for the two mixer units. 

The dominant non-linearities in the conventional super ^^'^ ^'^[^""^ receiving said oscillator 

heterodyne receivers are therefore the 3rd order intermodu- signal with a relative phase shift of 180 . The output from 

lation products mixers is combined in a combination unit which pro- 

, . , vides an output signal with improved suppression of the 

In a direct conversion receiver, however, mixer non- , j irTTn-j-^u- jj 

,. . • J, , J Ml / • . , . second order effect. The disturbing second order term is 

hneant.es of second order wiU result in the down conversion .^^bstantiaUy leveled out by subtracdng the two subchannel 

of any signal, presented to the mixer input^ a baseband signals from each other. 
Signal. A pure carrier will thus give rise to a DC signal at the 20 

output, while an AM modulated signal will result in a invention furthermore relates to a quadrature down 

low-pass baseband signal whose spectral contents might converter comprismg an input for receiving a signal for 

overlap the desired signal. conversion; a branch for branching the signal received 

. „ , , , . , . . on the input into two channels, each of said channels 

High suppression or second order products in the mixer IS . . , n 1 • 1 .u 1 n . r 

f . t t c a= ■ comprising two parallel signal paths: and an oscillator for 

there to re or great importance, and lack of sufficient second 25 n . - 1 r • n-i. c * 

J ■ u I- r u providing an oscillator signal for use in mixer umts. llie first 

order suppression has oiten been one of the reasons why the r ^ ^ 1 .i. • l r ■ 1 u 1 - 

■t- . • • u . J- J J • one of said two signal paths m each of said channels is 

direct conversion receiver has been discarded as a realistic • i j -.u r . • r 1 .u 

. . , . . , . _, . provided with a first mixer unit for down-convertmg the 

alternative to the conventional super heterodyne receiver. ^^^^^j ^^^^^ ^^.^ ^^^^ ^-^^^ ^^^^.^.^g ^^-^ ^^^^1^^^^ 

Generally, the manufacturers of the mixers arc able to signal with a relative phase shift of 90* relative to each other, 

suppress the second part of the expression (8) to a level The second signal path in each of said channels is provided 

which is 40-50 dB below the level of the first part of the ^ith a second mixer unit for down-converting the signal in 

expression. However, m GSM phase II an AM rejection to the path, said second mixer in said two channels receiving 

at least 70 dB is required. said oscillator signal with a relative phase shift of 180° 

citR*A* ADv r^r- TTTc TKr^/cKm^KT relative to the first mixer in the same channel. A combination 

SUMMARY OF THE INVENTION 35 ^^.^ ,^ ^^^^ ^^^^^^ ^^^^.^^^ ^^^^^^ ^.^^^ 

In accordance with an aspect of the invention there is respective channel by combining the signals in the two paths 

provided a method comprising branching the signal into two of the channel, 
parallel signal paths, providing an oscillator signal, mixing 

the signal in each of said two parallel signal paths with the BRIEF DESCRIPTION OF THE DRAWINGS 

oscillator signal relatively shifted 0^ and 180^res^^ .^^^ .^^^^^.^^ ^.^ ^ ^^^^ ^^^^^ 

low-pass filtering the signals, and combming said two sig- connection with a preferred embodiment and with reference 

nals into a single output signal such that the second order drawing, in which: 
effects are substantially leveled out. By combining the 

signals from the two signal paths, a substantial suppression 45 ^ ^A^^strates the basics of a mixer; 

of the second order mixing products may be obtained. FIG. 2 illustrates the structure of a first embodiment of a 

The invention provides a method which can be used to converter according to the invention; 

obtain very high suppression of second order non-linearities FIG. 3 illustrates the structure of a first embodiment of a 

in a down conversion mixer. quadrature IQ down mixer according to the invention; and 

In accordance with a second aspect of the present inven- so FIG. 4 illustrates the structure of a second and preferred 

tion there is provided a method of down-converting a embodiment of the quadrature IQ down mixer according to 

high-frequency signal and comprising branching the signal the invention. 

into four parallel signal paths, providing an oscillator signal. In FIG. 1, a simple mixer 1 followed by a low-pass filter 

mixing the signal in each of said four parallel signal paths 2 is shown. In a direct conversion receiver, the desired input 

with the oscillator signal relatively shifted 0°, 90°, 180° and 55 signal is centered around the same frequency as the local 

270°, respectively, combining said four parallel signal paths oscillator frequency. 

into two channels, each with two signal paths with the ^s define the following signals: 

oscillator signal relatively shifted 180°, and for each channel 

combining the signals in the two signal paths to provide an Desirtd input signal: 5^(0-moC0cos(o)o/-Mtv,(f)) (1) 
output signal for the respective channel. The invention is 60 

based on the fact that the undesired second order mixing Undesired i»puj signal: s^it)^,(t)co&i<^,tHp,^^^^ (2) 

product present in the baseband is unaffected by the phase of ^^^^ osdllaior: 5Jf)=Jt cos (io^n^ (3) 
the signal from the local oscillator. By providing an extra 

mixing path in each channel it is possible to establish signals Here the desired and the undesired signals are arbitrary 
including both the transmitted, phase-modulated signal and 65 phase- and amplitude-modulated signals, while the local 

the second order mixer product present in the baseband, oscillator has a constant phase and amplitude. It is further 

where said two terms have the same and the opposite sign in assumed that the distance in frequency between the undes- 
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ired and the desired signal is greater than the cut-off fre- 
quency of the low-pass filter at the output. 

If Qon-linearities up to the 3rd order are taken into 
consideration, the mixer operation can be described by the 
general expression: 

+faY2+cA'i ^^dX^\eX^^^Pi^^^gK^X:,^hK^ ^^pX^^^ fourth 
and higher order mixer products^ (4) 

where is the input signal, X2 the local oscillator signal 
and Z the mixer output. 

In the above equation (4), the first two terms represent a 
non- infinite isolation from respectively the input and the 
local oscillator port to the output port, while the 3rd and the 
4th terms represent the disturbing second order non- 
linearities. The 5th term represents the desired mixer 
operation, while the 6th, 7th, 8th and 9th terms represent 3rd 
order eifects. 

If we now insert: XJ,tysJj)-^SJt) and XJijySiJt) and 
we look at the output signal, Y(t), after the low-pass filtering, 
we get the following expression: 



Y^{t)~%dk^ +%cino^(/) +V4c/ni^(0 +V4e^&ngCOcos(4>oCO-<M. and 
Y2it)'^idK^ +%cino2(/) +^c/»i2(0 -V4eA>ioCOcos(4>o(0-<t^ (6) 

It will be seen that the only difference in the two expres- 
sions is that the desired output term changes its sign. The 
undcsired terms are not dependent upon the phase of the 
local oscillator signal and are thus unchanged. 

Now by simple subtraction in a combination unit or a 
subtraction unit 3, we gel: 



>'(/)=y,(/)-y2(0 

= c^rmoU)cos(v>o(0-V2) 



(7) 



15 



20 



(5) 



In this expression, the following observations can be 
made: 

^^dK^ is a pure DC contribution which, for a given mixer, 25 
only depends on the local oscillator level, 

\^cmQ \i) is a signal coming from the squared amplitude 
modulation of the desired input signal. Its spectrum is 
located around DC. 

V^cm_t ^(t) is a signal coming from the squared amplitude 30 
modulation of the undesired signal. Its spectrum is located 
around DC. 

^/4eKmo(t)cos((()o(t) + ct*^) is the desired signal, down- 
converled to baseband, and subjected to a phase shift. 

It will be seen that all the undesired components at the 35 
output of the low-pass filter come from second order effects 
in the mixer, and are thus related to the 2nd order intercept 
point of the mixer and the lack of isolation between the RF 
and the LO ports. 

Reference is now made to the diagram shown in FIG. 2, 40 
in which two parallel branches each contain a simple mixer 
1.1 and 1.2, respectively, followed by a low-pass filter 2.1 
and 2.2, respectively. The sign of the oscillator signal fed to 
the two mixers 1.1 and 1.2 is plus and minus, respectively. 
This corresponds to a 180° phase shift. The same math- 45 
ematical calculations as above are carried out for the two 
branches. The following results arc obtainable: 



50 



55 



As will be seen, the result is that the undesired compo- 
nents have been eliminated and only the desired down- 
converted baseband signal is left. It can be shown that most 65 
of the disturbing terms from higher even order non- 
linearities are canceled as well. 



In the figure the final improved IQ down mixer for direct 
conversion is shown. The traditional quadrature IQ down 
mixer has now been replaced by a new circuit, where each 
branch now consists of the improved structure, discussed 
above. 

It is important that the final IC layout is done with care so 
that the four mixers operate under equal conditions. 
However, it can be shown that even if the mixers are not 
totally matched concerning gain and phase, a very consid- 
erable improvement in second order suppression will still be 
obtained. 

A first embodiment of a quadrature IQ down mixer 
according to the invention is shown in FIG. 3. This embodi- 
ment of the quadrature IQ down mixer is used in a receiver 
for a hand portable phone which may communicate with a 
cellular network, e.g. the GSM network. As will be seen 
from FIG. 3, the down mixer receives an input signal for 
down conversion from an RF part (not shown) and delivers 
a down-converted quadrature signal to a Digital Signal 
Processing unit (DSP — not shown). When the converter is 
used in a GSM phone, the received signal may be described 
by the sum of the expressions (1) and (2). Mo(t) and mi(t) 
are the amplitudes of the envelope curves, and these may 
vary over lime. The signal acts as if it is amplitude - 
modulated, but there is no information present in the ampli- 
tude modulation. 

The signal received by the down mixer may be the RF 
signal received by the RF unit, whereby the carrier 
frequency, (Hq/Ik, will be within the frequency band 
935-960 MHz depending on the transmission channel. This 
requires that the local oscillator may be adjusted to corre- 
spond to the channel used. Alternatively, the RF part 2 may 
down-convert the RF signal to an IF signal with a fixed 
carrier frequency, e.g. of the order of 400 MHz. Then the 
local oscillator has to be stable on the same frequency. (<t)o(t) 
is the phase modulated information-carrying signal. 

However in the shown embodiment, the down mixer is 
used as a quadrature converter which receives a signal with 
a carrier frequency of 400 MHzi From the input of the 
converter, a branch 4 branches the signal into two channels 
5 and 6. The two chaimels 5 and 6 define an I channel and 
a Q channel, respectively. Both the I channel and the Q 
channel comprise two parallel signal paths, whereby the 
down mixer according to the invention comprises four 
parallel and identical signal paths 7-10. 

Each of said paths 7-10 comprises a mixer 11-14 in 
which the input signals (1) and the oscillator signals are 
mixed. The high frequencies are subsequently removed by 
respective low-pass filters 15-18. 

A local oscillator 19 generates a sine signal with a 
frequency corresponding to the carrier of the input signal. 
Local oscillators for quadrature converters outputting both 
an in-phase oscillator signal and a 90° shifted oscillator 
signal are presently available. The in-phase output from the 
local oscillator 19 is fed to the I channel 5. Here the local 
oscillator output is fed directly to the mixer 12 in the first 
path and is fed to the mixer 11 shifted 180° in phase by 
means of a phase shifter 20. Accordingly, the output from the 
low-pass filter 15 may be expressed on the basis of the 
expression (8) and be as follows: 

Ki5 (0 = Wemo (')ftocos(^0 - 1 80") + VidK^ + ^ cm J(0 + WcmJ (r) (8) 



where Viem(t)koCos(<t>(l) is the down-converted in-phase 
signal, and V^dK^, V^cmo^(t) and V^cmi^(t) are time- varying 
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contributions depending on the mixer and the amplitude of 
the received signal and the oscillator signal. 

Similarly, the output from the low-pass filter 16 may be 
expressed as: 

Yi^iO ^/iemo(t)kocoupiO + ^^^^ + cml [t) + VicmJ (/) (9) 
= W^mo(/)Jtocossp(0 + VidK^ + V^cmj(0 + Vicm\{t) 

The output from the I channel may be found by subtract- 
ing the output from the first low-pass filter 15 from the 
output from the second low-pass filter 16 in a subtraction 
unit 22. 'llie resulting output from the subtraction unit 22 
will therefore be: 

yi-cf^nndO^Y,6ii)-Yisit) (10) 

= emo{t)kocosipiO 

Similar considerations may be made for the Q channel. 
The quadrature output (shifted 90' in phase) is fed to the Q 
channel 6 from the local oscillator 19. Here the local 
oscillator output is fed directly to the mixer 13 and to the 
mixer 14 shifted 180** in phase by means of a phase shifter 
21. Accordingly, the output from the low-pass filter 17 may 
be expressed on the basis of the expression (8) and be as 
follows: 

Yn (t) = W^mo (r)to cos(^(;) - 90* ) + VW/f^ + W cmjw + Vicm? (/) ( H ) 
= -Vi£mo(f>tosinv(0 + VidK^ ■»- Vicmjtr) + '^cm?(f), 

where emo(t)koSin(t)(t) is the down-converted quadrature 
signal, and V^dK^, Vicmo^(t) and V^cm3^(t) are time -varying 
contributions depending on the mixer and the amplitude of 
the received signal and the oscillator signal. Similarly, the 
output from the low-pass filter 18 may be expressed as: 

YiiiO = 'Aemomoco^^D ~ 270*") + VuiK^ + Wcmjw + VicmJC/) (12) 
= -VicmoU)kosiaifi{i) + VuiK^ + Vicmlit) +• ^mlU) 

The resulting output from the Q channel may be found by 
subtracting the output from the first low-pass filter 17 from 
the output from the second low-pass filter 18 in a subtraction 
unit 23. 

YQ.c^LO=YM-Yn(i) (13) 
= emo{t)kosin<p{i). 

It can be seen from the expressions (10) and (13) that a 
complete removal of the amplitude-modulated second order 
mixer products is obtained. 

A simple method for high suppression of second order 
effects in an IQ mixer for direct conversion receivers has 
been devised. The method is particularly suitable for imple- 
mentation in integrated circuit technology, where compo- 
nent tolerances and layout differences on the same substrate 
can be minimized. 

A second and preferred embodiment of the quadratiu-e 
down mixer according to the invention is shown in FIG. 4. 
This embodiment comprises two channels each having two 
parallel signal paths receiving the oscillator signal shifted 
relatively 180°. All four mixers 31-34 are identical to each 
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other. The mixers 31-34 receive a balanced input — both 
from the RF part and from the oscillator 39 — and output a 
single ended output signal. 
Due to the balanced inputs to the mixers 31-34, the 180° 

5 phase shift of the oscillator signal is obtained by turning the 
polarity of the balanced input from the oscillator 39 to the 
mixers 31 and 34. Similarly, the polarity of the balanced 
input from the RF front (not shown) to the mixers 31 and 34 
is turned. Hereby the sign of the output from the mixers 31 

10 and 34 will have a sign opposite to that of the output from 
the mixers 32 and 33. 

'VhQ amphtude -modulated second order mixer products 
may be removed by a simple superposition of the output 
from the mixers in the I and Q channels, respectively. By 

15 performing the superposition before the low-pass filtering 
two low-pass filters may be saved. Each channel has a 
low-pass filter 35 and 37, respectively. 

The I and the Q channels will output the signal given in 
equations (10) and (13). 

20 In view of the foregoing description it will be evident to 
a person skilled in the art that various modifications may be 
made within the scope of the invention. 

The scope of the present disclosure includes any novel 
feature or combination of features disclosed therein cither 

25 explicitly or implicitly or any generalisation thereof irre- 
spective of whether or not it relates to the claimed invention 
or mitigates any or all of the problems addressed by the 
present invention. The applicant hereby gives notice that 
new claims may be formulated to such features during 

30 prosecution of this application or of any such further appli- 
cation derived therefrom. 
What is claimed is: 

1. A method of down-converting a received, high- 
frequency signal with improved suppression of time varying 

35 second order effects, the method comprising the steps of: 
branching the received signal into first and second 

branched signals having respective first and second 

parallel signal paths; 
providing oscillator signals; 

mixing said branched signals in said first and second 
parallel signal paths with the oscillator signals, said 
oscillator signals being relatively shifted 0° and 180°, 
respectively for said first and second branched signals, 
respectively; 

low-pass filtering said mixed first and second branched 
signals; and 

combining said filtered first and second branched signals 
into a single output signal such that the second order 

50 effects are substantially leveled out, the step of com- 
bining comprising superposing each of said filtered first 
and second branched signals wherein the desired down- 
converted signal components are added to each other 
while the time varying second order effects are sub- 

55 traded out from each other. 

2. A method according to claim 1, wherein said step of 
branching the received signal comprises: 

branching the received signal into two channels, each 
channel having its own respective ones of the first and 
50 second parallel signal paths, 

said two channels being provided as an in-phase channel 
(I channel) and a quadrature chaimel (Q channel -shifted 
90° compared with the I channel); and 
wherein said combining step includes combining said first 
65 and second parallel signal paths in each of said 
channels, for providing I and Q signals with improved 
suppression of the second order effects. 
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3. A method according to claim 2, wherein mixers in each 
of the first and second parallel signal paths are adapted to 
receive balanced inputs and provide a single ended output, 
and wherein the polarity of both the oscillator signals and the 
received high-frequency signal is inverted for one of said 5 
first and second parallel signal paths, and wherein the single 
ended output signal from each of the mixers are superposed 
prior to said low pass filtering step. 

4. A method according to claim 1, wherein the first and 
second filtered branched signals are combined into a single 
output signal by subtracting the first branched signal mixed 
with the oscillator signal relatively shifted 0° from the 
second branched signal mixed with the oscillator signal 
relatively shifted 180°. 

5. A quadrature down converter comprising: 

an input for receiving a signal for down conversion; 
a branch for branching the signal received on the input 

into two channels, each of said channels comprising a 

first and a second parallel signal path; 
an oscillator for providing oscillator signals for use in 20 

mixer units; 

the first signal path in each of said channels being each 
provided with a first mixer unit for down-converting a 
signal in the first signal path, said first mixer in said first 
channel receiving a first oscillator signal with a relative 25 
phase shift of 90° relative to a second oscillator signal 
to said first mixer in said second channel; 

the second signal path in each of said channels being 
provided with a second mixer unit for down-converting 
a signal in the second signal path, each of said second 30 
mixers in said two channels receiving an oscillator 
signal with a relative phase shift of 180** relative to the 
first mixer in the same channel; and 

a combination unit in each channel for providing an 
output signal for the respective channel by combining 35 
the signals in the first and second parallel signal paths 
of the channel, said combination unit being adapted to 
superpose said signals in the first and second parallel 
signal paths of each channel in order to add desired 
down-converted signal components to each other, 40 
while time varying second parallel order effects are 
subtracted from each other and are substantially leveled 
out. 

6. A converter according to claim 5, wherein the oscillator 

is provided with first and second outputs, and wherein the 45 
second output is shifted 90' in phase compared with the first 
output. 

7. A converter according to claim 5, wherein the combi- 
nation units subtract the first and second parallel signals in 
said two parallel signal paths from each other. 50 

8. A converter according to claim 5, wherein said first and 
second mixer units are adapted to receive balanced inputs 
and provide a single ended output, in each of said two 
channels, and wherein said relative phase shift of 180** 
between the oscillator signals received by the first and 
second parallel mixers in the first and second signal paths is 
obtained by inverting the polarity of the mixer input for the 
oscQlator signal for said first mixer relative to said second 
mixer. 

9. A converter according to claim 8, wherein the polarity 
of an input of one of the first and second parallel signal paths 
in each channel for the received signal for down conversion 
is shifted 180° in phase relative to the other, and wherein the 
single ended outputs from the first and second mixers are 
added to obtain an output signal of the channel. 

10. A cellular phone including a quadrature down con- 65 
verier comprising: 

an input for receiving a signal for down conversion; 
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a branch for branching the signal received on the input 
into two channels, each of said channels comprising a 
first and a second parallel signal path; 

an oscillator for providing oscillator signals for use in 
mixer units; 

a first mixer unit in each first signal path in each of said 
channels for down-converting a signal in the first signal 
path, said first mixer in said first channel receiving a 
first oscillator signal with a relative phase shift of 90° 
relative to a second oscillator signal to said first mixer 
in said second channel; 

a second mixer unit in each second signal path in each of 
said channels for down<onverting a signal in the 
second signal path, each of said second mixers in said 
two channels receiving an oscillator signal with a 
relative phase shift of 180° relative to the first mixer in 
the same channel; and 

a combination unit in each channel for providing an 
output signal for the respective channel by combining 
the signals in the first and second signal paths of the 
channel, said combination unit adapted to superpose 
said signals in the first and second signal path of each 
channel in order to add the desired down-converted 
signal components to each other, while the time varying 
second order effects are subtracted from each other and 
are thereby substantially leveled out. 

11. A method of using a cellular phone comprising the 
steps of: 

providing a converter having an input for receiving a 
signal for down conversion in a Global System for 
Mobile Communications (GSM) phone fulfilling the 
phase II requirements given in the GSM specifications, 
said converter comprising; 

a branch for branching the signal received on the input 
into two channels, each of said channels comprising 
a first and a second parallel signal path; 

an oscillator for providing oscillator signals for use in 
mixer units; 

a first mixer imit in the first signal path in each of said 
channels for down-converting a signal in the first 
signal path, said first mixer in said first channel 
receiving an oscillator signal with a relative phase 
shift of 90° relative to a second oscillator signal to 
said first mixer in said second channel; 
a second mixer unit in the second signal path in each of 
said channels for down-converting a signal in the 
second signal path, said second mixers in each of 
said two channels receiving an oscillator signal with 
a relative phase shift of 180° relative to the first 
mixer in the same channel; and 
a combination unit in each channel for providing an 
output signal for the respective channel by combin- 
ing the signals in the first and second signal paths of 
the channel, said combination unit adapted to super- 
pose said signals in the first and second parallel 
signal path of each channel in order to add the 
desired down-converted signal components to each 
other, while the time varying second parallel order 
effects are subtracted from each other and are 
thereby substantially leveled out; 

providing power to said cellular phone; 

dialing a phone number for a user of a phone system; 

establishing a voice and data connection with said user; 

transmitting and receiving voice and communication data 
between said cellular phone and said user. 

***** 
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